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P stress and plant growth. Phosphatase activity has also been correlated with
soil phosphorous state, with inorganic phosphorous having an inverse effect
on phosphatase production. Phosphatase excreted by plant roots, has been
reported to be exclusively acid phosphatase, which might be stimulated in
cases of phosphorous deficiency, to increase availability of phosphate in the
soil. Alkaline phosphatase, thus, would appear to be derived solely from soil
microorganisms, allowing the distinction between acid phosphatase activity of
roots and alkaline phosphatase activity of microorganisms. Urease activity
plays a vital role in the regulation of N supply to plants, especially after urea
fertilisation. Due to the influence of pH, temperature, organic matter content,
and soil moisture on microbial enzymatic activity, they are considered early
indicators of ecosystem stress and can act as biological indicators of soil
degradation, compared to classical and slowly changing soil properties such
as organic matter.

Materials and Methods

Determination of functional diversity

Whole-community substrate utilisation profiles (CSUP) are assessed when
carbon sources are utilised. Soil samples were diluted in sterile distilled water
and inoculated into Biolog EcoPlates™ (Biolog® Inc., Hayward, USA)
containing 31 different carbon sources in each well (and one control well
containing no carbon source), in triplicate. The plates were incubated at 28
°C. Utilisation of carbon sources by microbial populations reduced the
tetrazolium dye inside the EcoPlate weils, causing a colour change which was
measured fwice daily over a period of 5-10 days at 590 nm to determine
average well colour development (AWCD). The functional diversity of the soil
microbial populations was determined using the amount and abundance of
carbon substrates metabolised, as indicators of richness {(Shannon-Weaver
index) and evenness (Evenness index), respectively.

Determination of soil microbial enzymatic activity

The ability of the soil microbial population to obtain carbon, phosphorus and
nitrogen, was assayed by measuring the B-glucosidase, alkaline phosphatase,
acid phosphatase, and urease activities in the soil. R-Glucosidase and
phosphatase activities were calculated by determining the release of p-
nitrophenyl after the incubation of soil with p-nitrophenyl glucoside and p-
nitrophenyl phosphate, respectively. Urease activity was determined where
released ammonia was measured after the incubation of soil samples with a
urea solution, where results were then calculated with reference to the

calibration curve.

Stalistical Analyses
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Figure 1. Principal Component Analysis (PCA) ordination plot illustrating the
differences in the average carbon source utilisation profiles between cover
crop treatmenis sampled during April 2015.

Figure 1 demonstrates three main groups: Group 1 (blue circle) enclosing
“skoon grond” and “veld” treatments; Group 2 (green circle) enclosing mainly
treatments with “mielies”; and Group 3 (red circle) enclosing mainly treatments

with “lablab”.

Cluster analysis was performed as an alternative measure to visualise the
groups illustrated in Figure 1. Dendograms were constructed fo assign
treatments into groups, so that treatments in the same cluster are more similar
to each other, compared to freatments in other clusters. This is clearly

illustrated by the dendogram in Figure 2.
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Figure 2. Dendogram illustrating the differences in the average carbon source
utilisation profiles between cover crop treatments sampled during April 2015.

From the dendogram (Fig. 2), the CSUP of soil microbial communities found
in Group 1 (blue block) clustered to the left, Group 2 (green block) clustered in
the middle, and Group 3 (red block) clustered to the right. Since decomposing
plant material on the soil surface (from the previous season) and the
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carbon sources utilised by soil microbial communities in Biolog EcoPlates™,
i.e., comparable to species richness in the soil. Values of the index typically
range between 1.5 and 3.5, but rarely increase above 4.5. Depending on the
treatments, a varying percentage of carbon sources were utilised, with values
ranging from 1.53 to 2.72 as seen in Table 2.

The Evenness index, on the other hand, is used as an indicator of how
abundant species are within a soil microbial community, i.e., how close in
‘numbers” each microbial species are in a soil microbial community. If
abundances/quantities of different species in a community are measured, it
will invariably be found that some species are rare, whereas others are more
abundant/dominant. Substrate evenness assumes a value between 0 and 1,
with 1 representing a situation in which all species are equally abundant within
a microbial population present in the samples. This means less variation in
microbial populations between species, thus, less dominance, and higher
diversity. Substrate evenness indices obtained in this analysis ranged
between 0.65 and 0.89 as seen in Table 2.

Table 2. The Shannon-Weaver diversity index and the Evenness Index between
cover crop treatments sampled during April 2015.
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*Means followed by similar letters do not differ significantly (o > 0.05).

According to the Shannon-Weaver Index, the number of active microbial
species present in the “Lablab op Sunnhemp, “Lablab op swarthawer”,
“Lablab op Babala”, and “Babala op Wintermengsel” treatments were higher
compared to the number of active microbial species in the "Veld®, Soya op
mielies”, and the “Skoon grond” freatments. The treatments containing Lablab
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Alkaline Phosphatase activity
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Figure 4. Bar graph illustrating soil microbial alkaline phosphatase activity in
soils from the various cover crop treatments.

Urease activity
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*Means followed by different ietters differ S|gn|f|cantfy (p<0. 05)

Comparison of SolVita test with other biological soil quality tests

For the sake of inferest, results from the SolVita test (SolVita colour chart
reading, COz, and PMN) were compared with soil microbial diversity indices,

microbial activity, and carbon source utilisation ("AWCD?” in Figure 6 & 7).

Cluster analysis was performed and a dendogram constructed to cluster

similar results together as seen in Figure 6.
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Figure 6. Dendogram illustrating the clustering of similar results from tests
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conducted on cover crop treatments sampled during April 2015.

Since differences in the tests clustering in the right (Figure 6), are not evident, the

dendogram was magnified, showing more distinct clustéring in Figure 7.
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soil microbial activities, compared to treatments such as “veld” and “Mielie
monokultuur”.

The important role of cover crops in increasing soil quality is also clearly
demonstrated in this study, with all the cover crop treatments demonstrating a
higher soil microbial diversity and activity compared to natural veld. Not only is
the planting of cover crops beneficial to soil life, the cropping sequence should
also be carefully studied to guarantee the maximum increase in soil microbial
diversity and activity, in the shortest possible time-frame.

Although carbon source utilisation profiles and soil enzymatic activities can be
used as indicators of soil quality, these indicators are sensitive to changes in
various environmental factors, crops planted, and soil and agricultural
management practices. It is inadvisable to analyse composite soil samples,
since it could give rise to statistical constraints, which, in turn, could result in
limited analyses and incorrect conclusions. Integration and comparison of
available data with more soil quality indicators, could contribute to more
refined answers and possible predictions.

It is recommended that trends in carbon source utilisation profiles and
enzymatic activity be monitored over time in order to attain a more complete
reflection different agricultural practices might have. on microbial diversity and
activity as an indicator of soit fertility and health.
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